Background: Hypospadias is one of the most common congenital disorders of the urogenital system that is repaired by surgical method. Literature review shows that silicone gel is effective in preventing and improving hypertrophic scars after surgery. Thus, we conducted this study to evaluate the effect of silicone gel on scar reduction after surgical repair of hypospadias. Materials and methods: In this randomized double-blind clinical trial, 64 patients who had undergone surgical repair of hypospadias were divided into two groups: 32 patients in the intervention group (silicone gel) and 32 in the control group (placebo). Then, the patients in the silicone gel treatment group were treated twice per day for two months on the site of surgical wound, and the patients in the control group were treated with Vaseline twice per day for two months on the site of surgical wound, too. Scar characteristics (pigmentation, vascularity, pliability, and height) were recorded based on Vancouver's scars scale. Finally, the results of the two treatments on reduction of scars after surgical repair were compared between the two groups. Data were analyzed using SPSS-24. Results: There were significant differences between the two groups in scar characteristics after surgical repair of hypospadias, such as vascularity, pliability, and height (P˂0.05); however, there was no significant difference in pigmentation (P>0.05).
Introduction
Hypospadias is one of the most common congenital disorders of the urogenital systems. The incidence of hypospadias has been calculated to be one in every 300 male live births. 1 It is diagnosed immediately after birth by the neonatal clinical examination. Hypospadias has three different types including distal hypospadias, mid-shaft hypospadias, and proximal hypospadias. 2 The surgical procedure performed to correct hypospadias must provide basic expectations such as proper sexual function, vertical meatus in the middle aspect of the glans, with straight voiding ability and also cosmetic acceptability. 3, 4 The rate of postoperative complications such as fistula, meatal stenosis, and failure to achieve a favorable appearance is high. 5, 6 Choosing an appropriate surgical method that involves an accurate technique along with timely and correct decision after surgery can significantly reduce the complications, leading to higher success rate of the surgery. 7, 8 The wound healing process consists of four phases: Hemostasis, Inflammatory, Proliferative, and Remodeling. 9, 10 Practically, hypertrophic scars are kind of abnormal response to healing the wound that occurs due to the increase in the activity of the fibroblasts. 11 The aim of scars treatment is to prevent distortion in the organ function and create appropriate appearance. 12 Different treatments to reduce the scars include two major categories; the first category includes medical methods such as Steroids, Silicone, Allantoin, Vitamin A, Vitamin C, and coenzyme Q10, and the second category consists of non-medical methods such as surgical, subcision, microdermabrasion, punch, and laser therapy. 13 This is the first study on evaluation of the effect of silicone gel on reduction of scars after hypospadias repair. Therefore, we designed this study to ascertain the effect of silicone gel for reduction of scars after surgical repair of hypospadias.
Materials And Methods
Seventy-four samples among patients who were referred to Nemazi hospital in Shiraz, Iran, for surgical repair of hypospadias by one pediatric urology surgeon (Distal by MAGPI & Mid by Snodgrass with dartos flap & proximal by Snodgrass with tunica vaginalis flap methods) were selected and divided into two groups of intervention (recipient of silicone gel) and control (recipient of placebo) using blind randomization. This double-blind randomized clinical trial examination was done after obtaining informed consent from all of the selected patients (Ethics committee reference number: IR.SUMS. MED.REC.1396.53 and IRCTID: IRCT2017080735551N1). Each group included 37 patients. Exclusion criteria were infected wounds, diabetes, collagen vascular disorder, or positive history of skin hypersensitivity to any application. A form containing the demographic data such as age, ethnicity, parental education, socioeconomic status, birth status, and disease information including the type of hypospadias, positive history of previous hypospadias, combined chordee, and surgical technique was prepared first. Then, the patients in the silicone gel treatment group were treated with silicone gel (Cimeosil, Allied biomedical, USA) twice a day for two months on the site of the surgical wound. However, the patients in the control group were treated with petroleum jelly (Vaseline, Unilever, South Africa Ltd) twice a day for two months on the site of surgical wound, too. Treatments were started two weeks after surgical repair. Silicone gel and Vaseline were applied in a thin layer that covered the suture lines of circumcision and longitudinal ventral wound. Packing and tubes of both treatments including Vaseline and silicone gel were similar for both groups. During the follow-up period, the use of gel application was confirmed by calling the patients' parents. Patients were evaluated 6 months after being completely treated by silicone gel and Vaseline. However, 10 patients were excluded from this study due to poor follow-up. Scar characteristics (pigmentation, vascularity, pliability, and height) were recorded based on Vancouver's scars scale with a plastic surgeon who was not aware of the type of treatment (refer to Figure 1 ). Finally, the results of the two treatments on reduction of scars after surgical repair were compared between the two groups. Data were analyzed through SPSS-24 using chi-square test. A value of 0.05 was considered significant for all tests.
Ethical Approval
We declare that our study was approved by the ethics committee of Shiraz University of Medical Sciences, Shiraz, Iran. Additionally, written informed consent was obtained from the patients and we had the permission to publish the case details and any accompanying images, the safety of our procedure, and its probable complications. This study was conducted in accordance with the Declaration of Helsinki.
Results
As described, 64 patients (with a mean age of 2 years and 7 months) having hypospadias were treated with silicone gel and Vaseline. Effects of these two types of treatments on reducing scars after surgical repair were compared. The distribution of basic and clinical demographic characteristics of patients with hypospadias is shown in Table 1 . As shown in the table and the results of Student t-test, the age range of the two groups was the same. Also, Chi-square test showed that there was no significant difference between the two groups in terms of ethnicity, parental education, socioeconomic status, birth status, type of hypospadias, combined chordee, positive history of previous hypospadias repair, and surgical technique (P˃0.05).
The efficacy of treatments on the scar characteristics after the repair of hypospadias is shown in Table 2 . There were significant differences between the two groups in scar characteristics after the repair of hypospadias in terms of vascularity, pliability, and height (P˂0.05); however, there was no DovePress significant difference in pigmentation (P>0.05). Repair of the scars 6 months after silicone gel application is shown in Figure 2 , and Figure 3 shows the repair of scars 6 months after placebo administration. Comparison of vascularity, pigmentation, heights, and pliability after hypospadias repair between the two groups is shown in Diagrams 1, 2, 3, and 4, respectively.
Discussion
One of the long-term complications of hypospadias repair is an inappropriate appearance that leads to a decrease in selfconfidence of patients. 12 There are different treatments for reduction of scars such as medical therapy, surgical approaches, and minimally invasive methods. Medical therapy includes the use of Steroids, Silicone, Allantoin, Vitamin A, Vitamin C, and coenzyme Q10. 13 According to other interventional studies, more significant effect of silicone gel for reduction of scars compared to other medications is the reason for choosing silicone in our study. 14 The mechanism of action of silicone products in scar management has not been completely determined. An increase in the skin surface temperature could be involved because the skin surface temperature of hypertrophic scars under silicone is increased, leading to a significant increase in collagenase activity; this could affect scarring. 15 Also, studies have shown that silicone decreases the evaporation of water from the skin and increases the hydration of the stratum corneum. This process with inhibiting the activity of the mast cells leads to reduced swelling, vasodilation, and formation of additional intracellular background. 16 Another hypothesis is the static electric field produced by silicone products, which may have an effect on collagen production correction. 17 In this study, children with hypospadias who undergo a surgical procedure were treated with silicone gel and Vaseline. Results indicated that the silicone gel significantly improved the scar characteristics after surgical repair of hypospadias, such as vascularity, pliability, and height (P˂0.05); however, there was no significant difference in pigmentation (P>0.05) compared to the Vaseline group. Moreover, demographic and clinical variables such as age, ethnicity, parental education, socioeconomic status, birth status, type of hypospadias, combined chordee, and surgical technique were not associated with the decrease in scars. Other researchers also achieved a variety of results in their studies. For example, Medhi et al (2013) by evaluating the efficacy and safety of an advanced silicone gel formula that prevented post-operative scars showed that height, hyperpigmentation, vascularity, and pliability of post-surgical scars were significantly reduced during the three months of treatment with silicone gel. They concluded that silicone gel was effective and safe in preventing hypertrophic scars and colloid; 18 this confirms the findings of our study. Kong et al (2014) evaluated the effect of silicone on pain, itching, pigmentation, vascularity, pliability, and height of scars after knee arthroplasty; it was also shown that in the silicone gel group, pigmentation and scar height scores were better than the placebo group, but no significant difference was found between the scores of scar pain and post-operative itching between the two groups. 19 However, in our study, silicone gel significantly decreased the scars after surgical repair of hypospadias. Wananukul et al (2013) also investigated the effect of onion extract in silicon derivative gel in preventing hypertrophic and colloidal scar in children with scarring of middle sternotomy. Their study showed that 20% of the patients in the silicone gel group did not have any scars compared to the placebo group (3.3%). Thus, the silicone gel containing onion extract could significantly decrease the incidence of hypertrophic scars after the operation of middle sternotomy in children; however, 20 this again confirms the findings of our study. It should be noted that many potential factors are involved in the excessive growth of the scar. Excessive Diagram 1 Comparison of vascularity after hypospadias repair between the two groups.
Diagram 3 Comparison of the heights after hypospadias repair between the two groups.
Diagram 2 Comparison of pigmentation after hypospadias repair between the two groups.
Diagram 4 Comparison of pliability after hypospadias repair between the two groups.
growth of scar depends on various factors such as anatomical region, patient race, lesion depth, and type of lesion. Finally, the scar is detected by genetic factors, presence of infection and long-term immune responses. In some people, wound repair process leads to exacerbation of response that causes scar formation, which may lead to inappropriate appearance and functional problems. The final result of this process is the formation of additional scars. 21 In all scars, due to the production of collagen and active metabolism that causes shrinkage of the lesion, the appearance of scar becomes worse during three months. Then, the collagen production process reduces and collagenase begins breaking down the hypertrophic scars; then, it leads to a decrease in the redness of the scars and its softness. This process is a scar evolution. Because of this, in all studies, after a few months, the use of placebo reduces the scar, but this improvement is less than the reduction of scar in patients who have had proper treatment. 13, 22 This study had several limitations. Firstly, the sample size of the middle and proximal hypospadias in the intervention and control groups in this study was low. Secondly, pain and itching were not evaluated in this study. Thirdly, there are no data on their parents' assessment about the appearance of their children's penis.
Conclusion
Silicone gel had considerable effects on reduction of scars after surgical repair of hypospadias. However, further studies with larger sample size are recommended to confirm our conclusion.
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